An economic reliable long-term recirculation anaesthesia system for laboratory fish is described. Anaesthesia of channel catfish (/ctalurus punctatus Rafinesque) was induced within 60 s and was maintained for up to 40 min using tricaine methanesulphonate; recovery occurred within 30-60 s. Various surgical procedures were performed on the fish. No deaths were recorded. All water-quality parameters tested over 19 days use of the system remained stable except for total ammonia nitrogen and, by calculation, un-ionized ammonia which increased to a maximum of 0·23 mg/1.
ment design
Fish are used as experimental subjects in a variety of investigations, some of which require long-term anaesthesia. Currently two methods are available for maintaining fish under general anaesthesia. The first is to immerse the fish in an anaesthetic solution. When anaesthesia occurs, the fish either is removed from the solution and operated on in air (Brown & Richards, 1979) or is placed so that the body is raised out of the solution for examination while the gills remain in the anaesthetic solution. Complex recirculation systems which pass an anaesthetic solution over the gills have been constructed (Ross & Ross, 1983) . The solution recirculates to the fish after aeration and temperature adjustment; attempts have also been made to detoxify the anaesthetic solution to prevent an accumulation of waste products (Bell, 1964) . While the latter method is ex-tremely reliable, it is expensive in terms of time and equipment. Chemical agents which have been used to anaesthetize fish by these methods include tricaine methane sulphonate (MS222®: Sandoz, Basel, Switzerland), benzocaine and quinaldine (Ross & Ross, 1983) .
The use to anaesthetize fish of an economic, easily assembled and portable system which can be operated for up to 15 days is described. No external aeration or removal of waste products is required.
Materials and methods
The system is illustrated in Fig. 1 . Two 80 I aquaria are placed so that the bottom of one is at least 40 cm above the top of the other. A tube 0·5 cm in diameter (air tubing normally supplied for aerating fish tanks is ideal) leads from the bottom of the upper aquarium, where it is held down by lead weights, to a cradle (which holds the fish) placed on a laminated tray over the lower aquarium. A submersible pump (Sears, Baltimore, MD) placed in the bottom aquarium allows the anaesthetic solution to be returned to the upper aquarium. Negative pressure is created in the 0·5 cm diameter tubing using a 2 ml syringe (Becton Dickinson, Rutherford, NJ). In the system described above the flow rate of anaesthetic solution passing over the gills is 1 l/min.
A variety of cradle-like devices can be used for holding fish. A poly(vinyl chloride) pipe 7·5 cm in diameter sectioned longitudinally and mounted on a wooden holder is used in this laboratory. Serrations are cut in the pipe edges at 5 cm intervals. The fish is laid in the cradle and gently secured in position by Velcro® tapes (available from most department stores) across the serrations. 
Anaesthesia was induced in channel catfish
(Ictaturus punctatus Rafinesque) of 42-1100 g weight. Each fish was placed in a 10 I bucket containing tricaine methanesulphonate at a concentration of 1: 12 000. This solution was used for induction for the whole period of study. The same anaesthetic concentration used for induction was also utilized in the system described above for maintenance anaesthesia. Once the fish were quiescent they were placed on the cradle. The tube delivering the anaesthetic solution was placed in the fish's mouth. After the solution had passed over the gills of the fish it was collected in the bottom aquarium.
Various surgical techniques were performed, after which the fish were returned to their normal environment and observed for mortality over 14 days. Selected fish were killed at intervals following anaesthesia and examined histopathologically.
Water quality was monitored throughout the experiment.
Total ammonia nitrogen (TAN), dissolved oxygen (DO), total alkalinity (TAlk), chloride (Cl-), chlorine (Clz), nitrite (NOz -) and nitrate (NOl-) were estimated (mg/I) using test kits (Hach Co., Loveland Co.). The temperature (0C) and pH were also determined.
Un-ionized ammonia (UIA) was calculated.
Statistical analysis of water-quality parameters utilized matched-pair Student's t tests using the Minitab statistical package (Ryan et at., 1982) . The water supply to the laboratory comes from a main supply which is passed through a dechlorination unit. Samples of this water taken at the same time as those from the anaesthetic solution in the circulating system were analysed to serve as controls.
Results
When fish were anaesthetized they adopted a rostro-ventral position followed by loss of equilibrium. This caused the fish to roll and expose the ventral surface uppermost. These signs generally occurred within the first 60 s. When total loss of muscle tone occurred (i.e. the fish failed to respond to handling) they were placed on the supporting cradle. Anaesthesia was deemed to start when the tubing was first placed in the fish's mouth. The time from removing a fish from the tubing to its return to normal locomotion was calculated as the recovery time. Anaesthetic records of fish anaesthetized with 1: 12 000 tricaine methanesulphonate in the apparatus are given in Table 1 . Anaesthesia was uneventful. Various interferences were undertaken and no deaths occurred.
As shown in Table 1 , 19 days after tricaine methanesulphonate was placed in the solution Brown anaesthesia took 3 min to induce; this was considered to be unsatisfactory and inconvenient, and subsequently fresh solutions were prepared after 14-18 days of use.
Water-quality parameters from the anaesthetic solution (A) and the control water (B) are shown in Table 2 . The only parameter in the anaesthetic solution to change over time was TAN (and, by calculation, VIA). Table 2 shows the maximum value of TAN to be 2 mg/I and of VIA to be 0·23 mg/1. Both are still considered to be within normal limits. The water temperature for the anaesthetic solution was lower than that recorded for the main fish-house supply. This was a reflection of the lower ambient temperature of the anteroom of the fish house where the recirculation anaesthesia system was assembled.
Histopathological examination of tissues from selected fish showed no abnormalities of the gills. Neither telangiectasis nor gill lamellar hyperplasia was noted, indicating that the flow of anaesthetic agent was not too great and that there was no significant build-up of toxic nitrogenous metabolites. 
Dissolved oxygen was 5 mg/I in solutions A and B throughout the experiment. ND, not detected. 'Denotes significant differences between A and B over time (P "" 0·05).
Discussion
Anaesthesia of laboratory fish is an invaluable and necessary technique for handling and operative procedures requiring surgery, e.g. laparotomies. Without anaesthesia, Ihe trauma induced by intense muscular activity and loss of mucilaginous covering renders the fish susceptible to bacterial and fungal infection (Jolly, Mawdesley-Thomas & Bucke, 1972) . Many excellent reviews of methods of administration of anaesthetic agents to fish have been published (Green, 1979; Ross & Ross, 1983) . Although many agents can be used, tricaine methanesulphonate is still the only anaesthetic licensed for use in food fish and therefore was the agent of choice to test the technique described here. Herwig (1979) recommends a dosage of 50-100 mg/I which induces anaesthesia in 1-3 min. This is in general agreement with the present results. Direct immersion of fish into an anaesthetic solution prior to operating on them in air necessarily means that surgery has to be performed rapidly before they recover. Many workers have performed this technique reliably (Brown & Richards, 1979) . Green (1979) has stated that removing fish from their proper environment may render them liable to rapid suffocation.
He recommended immersing the head and gills or spraying the gills with an anaesthetic solution.
However, it is difficult to control oxygenation and to maintain a uniform depth of anaesthesia in this way.
The recirculation system described here requires two aquaria which should always be available in aquatic laboratories, although any inert containers would be suitable. The apparatus need not be permanently assembled and can be taken apart when necessary. The major advantage of this system is that a wide variety of surgical techniques on fish can be performed over an extended period. Its use as described in this paper for laparotomies, dorsal aorta cannulation, bleeding and tagging indicates that full surgical anaesthesia was achieved. The system has also demonstrated its value in this laboratory when daily re-anaesthesia of fish has been required. No deaths were recorded in any fish either immediately following or within 14 days of anaesthesia.
Tricaine methanesulphonate is acidic in aqueous solution (Smit, Hattingh & Burger, 1979) , and the anaesthetic solution itself should be buffered to prevent a drop in pH which is physiologically stressful to fish. However, in this laboratory the natural buffering capacity of the local water supply prevented a reduction in the pH of the anaesthetic solution.
No aeration or temperature control appears necessary since both parameters remained stable at optimum values. The build-up of un-ionized ammonia in the system was directly related to the age of the solution and the number of fish which had been anaesthetized in it. The anaesthetic solution passing through the mouth and over the gills necessarily passes over the body and causes some of the mucus covering the epidermis of the fish to be washed away into the lower aquarium. Measurements of TAN and VIA showed that, although ammonia metabolites did gradually accumulate, they remained within reasonable limits. The 24 h LCso (lethal concentration required to kill 50% of the population by 24 h) of VIA for channel catfish is 2·36 mgll (Robinette, 1976) . VIA values in the anaesthesia system never exceeded 0·023 mgll in the 19 day observation period. In fact, increased times for induction of anaesthesia indicated that the tricaine methanesuphonate was losing its efficiency before unacceptably high values of VIA were noted.
In practice, the system described is easy to construct and disassemble. It is convenient and economic in terms of use of tricaine methanesulphonate and gives reliable anaesthesia with short induction and recovery times for a period of at least 15 days.
It is recommended that the fish should not be fed for 24 h before anaesthesia. It is wise to anaesthetize a small number of fish first and to observe their recovery over a 24-48 h period, and water quality (especially TAN, VIA, N0 2 -and NO}-) should be monitored twice weekly while the system is in operation.
